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TYPHOID FEVER IN ROCKFORD, ILLINOIS* 

Paul Hansen and Horatio N. Parker 
(From the University of Illinois, Urbana, Illinois) 

Rockford is a manufacturing city in northern Illinois, on Rock 
River, and has a population of 51,500. There is no distinct housing 
problem, and there seems to be no reason why the general health of 
the city should not be good, particularly as the Rockford Health 
Department is of more than average efficiency. Yet, there have been 
three well-marked typhoid fever epidemics within the last twenty 
months. 

The first of these was studied by Jordan and Irons. 1 They found 
that the Rockford outbreaks of- enteritis (10,000 cases) in January, 
and of typhoid fever (199 cases) in February, 1912, were due to an 
unusual contamination of the public water-supply during a factory 
conflagration on January 16, 1912. This was an unexpected conclusion 
in view of the fact that the supply was derived from very deep rock 
wells, the water from which, upon analysis, had hitherto proved of 
excellent quality. These investigations, however, revealed grave 
dangers of contamination in handling the water under heavy draught, 
such as actually occurred on January 16. These dangers included : 

* Received for publication October 20, 1914. 
1. Jour. Infect. Dis., 1912, 11, p. 21. 
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( 1 ) A well held in reserve for fire emergency at the top of which was 
a receiving basin subject to the inflow of street dirt and, possibly, 
leakage from a nearby sewer ; (2) a leaky collecting storage reservoir 
with privies close to its walls; (3) a leaky gravity conduit between 
emergency wells and the reservoir; (4) leaky pump-pits in an open, 
gravelly formation and within fifty feet of the sewage-polluted Rock 
River, and (5) inadequately protected connections between the city 
mains and factory sprinkler systems supplied also from water pumped 
from the polluted Rock River. Which one, or combination, of these 
elements was responsible for the epidemic could not be definitely 
ascertained. 

Jordan, at the close of his investigation, warned the public that 
secondary outbreaks were likely to occur inasmuch as carriers and 
other sources of infection had become established in the city. 

After the big epidemic of 1912, typhoid fever gradually became 
less common in Rockford until May, 1913, when no cases were 
reported. However, in July, August, September, and October, 1913, 
the disease reappeared, and the Health Commissioner, Dr. W. E. Parks, 
with Jordan's warning in mind, appealed to the State Board of Health 
for expert advice on the situation. Dr. C. E. Crawford was detailed 
to the investigation and called to his assistance Paul Hansen, engineer 
of the State Water Survey, and H. N. Parker of the division of Dairy 
Bacteriology of the University of Illinois. 

GENERAL OBSERVATIONS 

The distribution of cases by months during 1912 and 1913 is shown 
in Diagram 1. The enormous preponderance of cases in February, 
1912, was unquestionably due to the contamination of the public water- 
supply, and the persistence of typhoid thereafter is explained by the 
fact that Rockford was seeded with typhoid at the time of the epidemic 
and, as a result, there were numerous local outbreaks. Yet, except for 
a marked rise owing to a milk epidemic in November, 1912, amongst 
the customers (thirty-six cases) of one milk dealer, there was an 
irregular decline in the number of cases to May, 1913, when the city 
was free from typhoid. The occurrence of eleven cases in July 
caused some uneasiness, and when these were followed by fifty-one 
cases in August and fifty-nine cases in September, there developed a 
feeling of general alarm. When this inquiry closed on November 1, 
the record showed one hundred and sixty-five cases after June 1, all 
but nine of which occurred after July 1. 
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Magnitude of the Outbreak. — In 1913, there were one hundred and 
seventy-three cases of typhoid and sixteen deaths from it, giving a 
morbidity rate of 335 and a mortality rate of 31 per 100,000, which 
may be considered excessive. 

Relation to Temperature. — Sedgwick and Winslow have shown 
that prosodemic typhoid closely follows the rise and fall of mean 
monthly temperatures, and that there is a striking coincidence in the 
curves of mean monthly temperature and monthly death-rates, but 



iso 




ieo 








170 








l«0 






llliisoia STaTe Woter Surv«y 


130 
140 
130 

120 






Diagram Showing 

Typhoid G/^ses by Months 

Rockford Ili_. 1912-1913. 


3"» 

o 

oioo 

° 9 o 

1- 






NOV. 13, 1*15. 

/Vote: C«*M or* plotted 03 rtpirttj ft 
/A# heelfh eitjurtirttntanti ff> /»•/" /-e- 
prestnT th* SHUT ef 'tfH disease. 


V. SO 

o 

. 40 
O 
Z 30 










x 


20 










10 








-™ 




J*o. F«b. tT«r/\pr. M«y Jun« July /\u«.3«pt OcT. Nov. Dec.Jarc. F«k». H«r Apr May Juw«July /iu<| 3«p"t OcT 

1912 !9/«3 



Diagram 1. 



that the curves depart widely from each other in cities where epidemics 
occur, more particularly when the epidemics are due to polluted water- 
supplies (see Diagram 2). 

In order to analyze the occurrence of typhoid fever in Rockford in 
the light of these deductions, Diagram 3 has been prepared showing 
the monthly variation in temperature and the number of cases that 
developed each month. From the diagram, it appears that the dis- 
tribution of cases in 1912 was abnormal, whereas in 1913 it roughly 
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approximated the normal. It should be remembered that an epidemic 
of typhoid may occur when the prosodemic typhoid is at a maximum. 
To determine whether or not there has been such a concurrence, the 
reported cases must be studied in detail. 

It is to be emphasized that the appearance of so many cases in 
Rockford during summer and autumn would lead one to expect a 
number of cases of miscellaneous and vague origin that cannot be 
definitely explained. This was precisely the condition encountered. 
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Diagram 3. — Showing monthly variation in temperature and the number of cases that 
developed each month. 

Some well-marked groups of cases have been assigned a cause, but 
there remains a large number of cases for which the mode of infec- 
tion is unknown. Because of these obscurities and complexities, this 
epidemic of 1913 was much more difficult to study than the epidemic 
of 1912, which was explosive in character and due to a single cause. 
Daily Distribution of Typhoid. — Diagram 4 shows the occurrences 
of typhoid fever cases day by day during July, August, September, 
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Typhoid Fever in Rockford, III. 7 

and October, 1913 ; each rectangle represents a case and is placed 
according to the date at which the patient took to bed. The numbers 
within the rectangles designate the number of the case and were used 
in studying the data. The diagram makes it evident that most of the 
cases occurred in August and the first two and one-half weeks in 
September, with a marked number of cases in the middle of October. 
It suggests that a cause, or that causes, of typhoid fever became active 
early in July, worked with increasing effect until the beginning of the 
last week in August, and then subsided rather rapidly in the next two 
weeks. Apparently, infection started anew in the last week in Sep- 
tember and remained active for a few days. These conclusions are 
about all that one is warranted to draw from Diagram 4, but more 
illuminating evidence may be secured by grouping the cases. Before 
attempting this, certain other points should be considered. 

Geographical Distribution of Cases. — Diagram 5 is a spot map of 
the city. Each dot shows a case of typhoid fever and is numbered to 
correspond with a rectangle in Diagram 4. On the map appear the 
dairies, public water mains, and the connections between these mains 
and the factory fire-fighting systems. 

The cases are scattered throughout the built-up portion of the city, 
but there is a tendency for them to concentrate in the northwestern 
part, which is a medium to high-class residential district situated on 
high ground, and for them to become thicker in the eastern and south- 
eastern sections of the city. From the diagram, it may be deduced 
that agents of infection have been at work throughout the city, and that 
something additional has been operative to make infection particularly 
active in the sections of the city noted. 

Explanation of the cause of typhoid fever scattered over an entire 
city is usually sought in the public water-supply or in those miscel- 
laneous factors that are active in summer. The latter includes visits to 
typhoid infected places, infection from polluted waters, fly infection, 
and contact infections. 

The cases that are concentrated in definite areas may be regarded 
as of local origin, and inquiry should be directed to the milk supply, 
wells, food supplies, and to social gatherings. In Rockford, the possi- 
bility of infection through the connection between the public water- 
supply mains and the factory fire-fighting systems was carefully con- 
sidered because these systems are, in many cases, fed from Rock River 
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and other polluted sources. On these points, Diagram 4 gives little 
evidence, and so a closer analysis of data is necessary. 

Distribution According to Sex and Age. — The distribution of cases 
according to sex and age is suggestive. Table 1 shows that the sickness 
was more prevalent amongst males than females, which attracts atten- 
tion to those modes of infection that especially affect the male on 
account of his tendency to move about. This preponderance of cases 
in the males is in striking contrast to the water-borne epidemic of 1912, 
when the infection reached all alike and when the division of cases 
between the sexes was practically equal. 



TABLE 1 
Distribution According to Sex and Age 



Sex 


Age 


Total 


Percentage 


0-9 


10-19 


■\ 
20-29 


30-39 


40-49 


50-59 


60 and Above 


Unknown 


Male 

Female 

Total 


6 

5 

11 


28 
11 

39 


3J 

19 

50 


17 
11 

28 


7 
5 

12 


8 
5 

13 


3 
1 

4 


4 
4 

8 


104 
61 

165 


64 
36 

100 



To show the comparison between the age distributions in the two 
epidemics, Table 2 is introduced. 

TABLE 2 

Percentage of Total Number of Patients Between the Ages Indicated in Epidemics of 

1912 and 1913 



Age 


Percentage 

Between 

0-5 

Years 


Percentage 

Between 

6-15 

Years 


Percentage 

Between 

16-30 

Years 


Percentage 

Between 

31-45 

Years 


Percentage 

at 46 Years 

and Above 


Percentage 

of Unknown 

Age 


1912 
1913 


6.9 
3.0 


23.3 
17.6 


46.0 

44.3 


14.8 

18.2 


9.0 
12.1 


4.8 



It is apparent that there is not much difference, tho in 1913 there 
were 4.8 percent more typhoid patients above the age of sixteen than 
in 1912. As a matter of fact, to obtain the true age distribution, it 
must be studied in relation to other groups. 

After this general review of the cases, an attempt will be made to 
throw more light on their origin by developing certain special groups. 
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SPECIAL GROUPS 

Occupational. — The typhoid fever victims followed occupations of 
many sorts, and there was no concentration of cases in any single trade, 
nor in any one place. The greatest number of cases appeared at the 
Union Furniture Co.'s factory, where eight employees had the disease. 
It is possible that some of them may have been infected by flies from a 
large, insanitary privy vault, twenty-five feet square, that was used by 
all of the workmen. This same vault menaced the well from which 
drinking water was taken, and, for that reason, was closed in October 
by the health department, but it seems improbable that the well was 
actually infected, for there were only eight cases during a period of 



TABLE 3 
Age Distribution of Group 2 





Age 




Sex 


Years 
0-9 


Years 
10-19 


Years 
20-30 


Years 
30-39 


Years 
40-49 


Years 
50-59 


60 Years 
and Above 


Totals 


Male 

Female . . . 

Total . . 


2 
1 

3 


19 
1 

20 


10 

3 

13 


2 

2 

4 


3 
1 

4 








1 


1 


37 
8 

45 



TABLE 4 
Details of Distribution of Cases Represented in Table 3 



Sex 


Travelers 


Bathers 


Boaters 


Fishers 


Total Number 
of Cases 


Percentage 
of Total 


Male 


22 
5 

27 


25 
2 

27 


3 
5 

8 


5 


5 


37 
8 

45 


82 
18 



seven weeks amongst the one hundred and fifty to two hundred 
employees. The surroundings of this factory and of others in the 
same section of the city are very bad owing to the absence of sewerage. 
The land in the vicinity is flat and frequently flooded with water that is 
saturated with sewage and other filth, consequently the land becomes 
grossly contaminated and affords a breeding place for mosquitoes in 
summer. Tho some of the places are insanitary, there is no evidence 
to show that any of them was responsible for the outbreaks. 

Travelers and Pleasure Seekers. — In Diagram 6 are displayed those 
cases that developed amongst those who were traveling, or who were 
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camping, boating, bathing, or fishing on the dangerously polluted 
streams of the vicinity. Some discretion was exercised in making this 
group; the cases of people who were out of town but who probably 
did not contract the contagion abroad are excluded. Table 3 shows 
the age and sex distribution of the cases plotted on the diagram, and 
Table 4 shows a detailed distribution of cases represented in Table 3. 
It should be noted in Table 4 that some of the forty-five cases appear 
in more than one of the four classes of cases, thereby producing the 
false impression that more than forty-five cases are being considered. 

Thus, it may be inferred that forty-five out of the one hundred 
and sixty-five patients probably were infected outside of Rockford, 
or as a result of bathing, boating, or fishing in polluted water. The 
marked preponderance of males, especially between ten and twenty- 
nine years, adds force to this theory. It is not contended that all of 
these forty-five patients had been infected necessarily in this manner; 
in fact, a number of cases can be otherwise accounted for. However, 
the figures are significant as indicating the importance of travel, vaca- 
tions, and outings as agents of summer typhoid. The occurrence of so 
many cases amongst those seeking recreation on neighboring streams, 
particularly Rock River, emphasizes the necessity of keeping these 
streams reasonably clean. In the matter of pollution, Rockford itself 
is an offender; many of its sewers discharge into the river above the 
dam and into neighboring small water courses. 

Not a few citizens held the opinion that the well water at various 
recreation parks near the city was responsible for many cases of 
typhoid and a well at the golf grounds in Sinnissippi Park was 
regarded with great suspicion. By reason of its inaccessibility, isola- 
tion, and construction, it is improbable that this well was a factor in 
the typhoid situation, nor is there epidemiologic evidence that any of 
the other park wells was concerned. Nevertheless, these parks, in 
another way, may have contributed to the typhoid cases, for, through 
carelessness or filthy practices in the use of some of the privies, infec- 
tion may have been passed from one person to another by a sort of 
indirect contact. Still, except that the bathers at Love's Park and 
more especially at Black Hawk Park may have contracted the con- 
tagion, there is no reason for believing that the recreation parks were, 
at most, aught but occasional and practically negligible factors in the 
dissemination of typhoid fever. 
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Secondary Cases. — In every outbreak of typhoid, after a time equal 
to the incubation period of the disease has passed, secondary cases 
appear in some of the houses. These cases are commonly attributed 
to contact infection; that is, they are believed to be contracted from 
germs discharged in the secretions and excretions of the primary 
patient. The numbers of secondary cases vary markedly in different 
places. Thus, Jordan, while investigating the undue prevalence of 
typhoid in Winnipeg, Manitoba, 1900-1903, in the course of a house 
to house canvass of one district, by no means the worst, found second- 
ary cases in 56 percent of the houses. In Rockford, during the present 
outbreak there were but eleven secondary cases, which represent about 
7 percent of all the houses studied. Diagram 6 shows the compara- 
tively unimportant part played by secondary infection. The small 
number of contact cases is accounted for, in part, by the rather large 
number of patients treated at the two hospitals; in part, by the 
prophylactic measures taken by the local physicians ; and, in part, by the 
systematic disinfection of latrines by the board of health after the 
epidemic in 1912. 

Social Gathering as an Agent. — Seven cases appear to have been 
contracted at a supper given a ladies' club in a private residence, on 
August 25. The hostess had typhoid in 1903, her husband, in 1905, 
and her daughter, in 1907 or 1908. This series of cases, culminating 
in the cases amongst the guests at this supper at which sandwiches and 
cold pressed meat, prepared by the hostess, were served, suggests a 
typhoid carrier as the source of the infection. Unfortunately, this 
suspicion has never been verified because samples on which to make 
the necessary tests were never furnished. 

Group of Cases Due to Bread and to Milk Infections. — The groups 
of cases which have been described are of relatively minor importance 
to four large and inter-connected subgroups that involve one bakery 
and three milk-supply stations. 

There is a large consumption of bakery goods in Rockford. Table 5 
gives a list of bakeries, the customers of which had typhoid, the output 
of each, and the number of cases of typhoid fever amongst the cus- 
tomers of each firm. It is evident that Bakery 4, one of the smallest, 
had the largest number of typhoid fever cases. 

The milk-supply of Rockford comes from the surrounding country 
and is, for the most part, distributed by contractors who purchase the 
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milk of farmers and bottle it in the city. The equipment of these city 
milk plants varies from very meager to practically complete, and the 
conditions in them range from poor to excellent. For several reasons, 
the attention of the investigators was soon directed to the milk-supply. 
After the farms, whereon the milk under suspicion was produced, were 
carefully inspected, the conclusion was reached that the milk was 
infected after it left the farms. This is an important point and empha- 
sizes the need of proper handling of milk by contractors, and the neces- 
sity of rigid inspection of city milk plants by agents in the employ of 
the municipality or of the state. 

TABLE 5 

Statistics from the Investigation of Bakeries 

Approximate Number Number of 

of Loaves of Typhoid Cases 

Bakery Bread Daily Among Customers 

1 650 2 

2 600 7 

3 2,500 18 

4 350 29 

5 1,500 3 

6 6 

7 1,000 7 

8 8,000 9 

9 800 5 

10 2,500 14 

11 1 

12 600 4 

13 3,000 20 

Table 6 gives a list of the dairies, amongst the customers of which 
typhoid fever occurred; the daily output; the number of customers of 
each concern; the number of patrons who had typhoid fever during 
the period extending from July 1 to November, 1914. 

Table 6 shows that there is a disproportionate number of typhoid 
cases amongst the customers of Dairies 5, 27, 7, and 31, for the first 
two of these firms furnished but 71.0 percent of the milk and had 41.2 
percent of all the cases on the milk routes, and the four firms together 
furnished 52.5 percent of the milk and had 63.7 percent of the cases. 
Tables 5 and 6, then, implicate certain firms engaged in vending bread 
and milk in the spread of typhoid fever, but nothing more than this 
may be justifiably adduced from the tables. However, by a study of 
the map, Diagram 5, which gives the geographical distribution of cases 
in the city, and by an analysis of Diagram 7, which shows the chrono- 
logical distribution of cases occurring on the routes of the firms under 
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discussion, and by the application of facts gleaned in the course of a 
house to house canvass, a correct idea may be had of the way these 
firms involved each other and spread contagion in those parts of the 
city where they operated. 



Dairy 

1 . 

2 . 

3 . 

4 . 

5 . 

6 . 

7 . 



TABLE 6 






VESTIGATION! 


> of Milk Routes 






Number of Cases 


Quarts 
Daily 


Number of 


of Typhoid Fever 


Customers 


on Route 


250 


200 


2 


300 


225 


2 


300 


150 


5 


210 


170 


1 


500 


450 


33 


300 


200 


2 


400 


175 


8 
2 


180 


160 


3 


400 


340 


3 


160 


95 


3 


250 


160 


1 


250 


200 


2 
2 

1 


550 


250 


5 
1 
3 


* 




175 


150 


1 


325 


200 


2 


270 


225 


2 
1 


180 


150 


1 
2 


200 




1 


260 


150 


2 


380 


350 


38 


1,300 


1,100 


8 


* 




1 


200 




2 


5,300 


5,600 


31 


200 




1 



9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

* Only a few quarts to neighbors. 

Diagram 5 shows that the cases on the routes of the dealers under 
suspicion are localized in the northwestern part of the city, in the sec- 
tion between the forks of Kent Creek. All cf the cases on the route of 
Dairy 27 were here because the route did not extend farther. There 
was a sprinkling of cases from Dairy 5 between the north branch of 
Kent Creek and the Rock River marking the more extended route of 
the dairy. Cases from Dairy 31 and Bakery 4 were sparsely scattered 
over the greater part of the city, since these concerns deliver over a 
wide area. The chief value of the map is to show the territory covered 
by the several firms and that since they operated in the same circuit, 
to a considerable extent, they had the same patrons which afforded the 
firms ample opportunity to infect each other. 
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Bakery 4. — The cases were few and scattered during the latter part of 
July; increased in number during the first part of August; became of almost 
daily occurrence after August 10, and ended abruptly on September 3, because, 
on August 18 the business was suspended by order of the local health depart- 
ment. Inquiry revealed the fact that Case 25 was a man who was employed 
in the bakery as a driver of the delivery wagon. He usually worked from 
3 until 5 o'clock in the mornings, and occasionally helped to wrap the loaves of 
bread. For over a month this man kept at work, altho he felt badly and suf- 
fered from diarrhea. About ten days before he stopped work at the bakery his 
case was diagnosed by a physician as typhoid fever, but he did not give up and 
take to his bed until August 3, the date at which his case appears on the diagram. 
There were twenty-nine cases of typhoid fever amongst the customers of the 
bakery; of these cases fifteen occurred three weeks after the driver gave up, 
and five within two weeks before he gave up. Furthermore, there are displayed 
on the diagram twenty-three cases which occurred within this same period on 
the routes of Dairies 5, 27, and 31, and of these twenty, or 87 percent, were 
customers of Bakery 4. Sufficient evidence to explain all of these cases seems 
to have been found in this one patient, Case 25, for they all fall within the 
limits of the period of infectivity, and the work of Katharine Howell 2 shows 
that the intestinal germs may be carried on bread, and her work is confirmed 
by a bread-borne epidemic of typhoid fever at the Government Hospital for the 
Insane, at Washington, D. C. However, investigation of the milk routes shows 
that it is not necessary, or perhaps even reasonable, to believe that this was the 
sole means of infection. 

Dairy 27. — The conclusions about the relation of the milk routes to the 
epidemic were reached after careful inquiries at the homes of the patients and 
after testing the various possibilities that the histories suggested. 

Cases began to appear on this route after the first week in August and, 
by the end of the second week, were so numerous as to plainly mark an epidemic. 
About the same number of cases continued to be reported daily through the 
first third of September, after which they dwindled down because the dairy was 
closed by order of the local health department on September 3. 

From August 8 to September 19, thirty-eight cases of typhoid appeared on 
the route. Of these, thirteen, or 34.2 percent, fall into the Bakery 4 group ; 
five, or 13.1 percent, in the group of travelers and pleasure seekers ; three, or 
7.9 percent, in the group of secondary infection ; seventeen, or 44.7 percent, 
find explanation only in milk infection. 

Two cases were obviously due to milk infection. Case 106 was a little girl 
who lived in a remote part of the city but who drank milk from Dairy 27 
while visiting her cousin ; no other clue to the mode of infection was found. Case 
107 was a child, 2 years of age, who drank well-water and milk from Dairy 27. 
As no suspicion was attached to the water and as the child had not been off the 
premises within the incubation period, the milk was held accountable for the 
sickness. Diagram 7 shows that eight cases of typhoid fever appeared on the 
route of Bakery 4 more than twenty-one days after the driver, Case 25, had 
stopped work. It is barely possible that some of these cases may have had 
long prodromal periods, but it is more plausible to regard them, and perhaps 
even some of the cases that preceded them, as having another origin. Of these 
eight cases, five were on the route of Dairy 27 and one on Dairy 5. These cases 
suggest milk infection, and there are several ways in which milk from Dairy 27 
may have been infected. 

2. Am. Jour. Pub. Health, 1912, 2, p. 321. 
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This route may have been infected through the agency of milk bottles, 
especially as they were not sterilized. Any one of the early typhoid-stricken 
customers of Bakery 4 may have started the trouble for Dairy 27 by returning 
infected milk bottles, and later the milk route may have been repeatedly 
reinfected in this manner not only from the sick customers of Bakery 4, but 
from customers of Dairy 27 who had typhoid and who were returning milk 
bottles. Against this it may be urged that for eighteen days after patrons of 
Bakery 4 began to take to their beds, the route of Dairy 27 remained free from 
typhoid. Moreover, not every milk bottle that is taken into a home harboring 
a communicable disease becomes infected. On the contrary, it is necessary for 
the bottle to be handled by the patient, or by one of the patient's attendants, 
if it is to become a vehicle for the transmission of the disease. Arguments 
against this mode of infection of Dairy 27's route is to be found in the his- 
tory of Case 49. 

Another possible mode of infection of the route of Dairy 27 is direct con- 
tact infection. Case 49 was a girl, seven and one-half years old, who ate 
cakes and bread from Bakery 4, and who, according to all accounts, was not 
well for some time before her sickness was diagnosed as typhoid fever. She 
was put to bed on August 19. The patient lived in a house adjoining that of 
the proprietor of Dairy 27. He admitted that the little girl had been allowed 
to come in the milk-house and had, at times, helped to cap the milk bottles, 
consequently the caps may have been infected by her fingers. The child would 
naturally handle any objects within her reach, and so it is not unlikely that 
other things, such as, bottles, pails, can covers, strainers, etc., may have been 
also infected. Then, again, the child may have been the cause of indirect 
infection of the milk, as the brother of the little girl worked for Dairy 27 as 
driver, in which capacity he not only delivered the bottled milk but collected 
the milk in cans from farmers. The brother may have carried typhoid germs 
from his sick sister to the milk, altho he did not develop the disease himself. 
Except in the prodromal stage of the disease, the boy and girl seem to have 
been separated. This weakens the probability of the boy having infected the 
milk in this way, yet there is another chance for the milk of Dairy 27 to have 
been infected by a temporary carrier, for when the local health department 
stopped this boy from working for this dairy he was succeeded by a boy in 
whose household was Case 32. As it was reported that empty milk bottles were 
picked up from doorsteps on the trip to the farm for milk and were filled by the 
boys on the way back by dipping the bottles into the cans, the milk may have been 
infected in this manner. However, infection of the milk by temporary carriers, 
if it actually occurred, serves rather to explain how the infection was prolonged 
on this route than to account for the primary infection of the route. 

There is one more factor which enters into this : The milk house of Dairy 27 
swarmed with flies, and was next to the home of Case 49. Still, this mode of 
infection seems remote, inasmuch as there was no privy on the premises. 

It is believed to be unfruitful to speculate as to which of these possible modes 
of transmission was actually the most potent. Probably the infection was 
started in Bakery 4 and was handed about in all the ways enumerated. 

Dairy 5. — This dairy is superior to the preceding one. The milk comes from 
clean, prosperous farms, and the milk house is kept in good order, but it is 
not equipped with apparatus for sterilizing bottles, cans, and other utensils. 

Beginning July 21, typhoid fever began to appear on this route, but there 
were only a few cases through August. Early in September the frequency of 
cases attracted attention. The number dropped off coincidently with the falling 
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off of the cases on the route of Dairy 27 only to increase rapidly from Septem- 
ber 10. As cases continued to break out on the route, the local board of 
health, on October 18, fearing that the bottles from Dairy 5 might have become 
infected, required that they be disinfected daily at the plant of Dairy 31. Five 
days later, the board closed down the route. Of the thirty-three cases that 
occurred on the route of Dairy 5 between July 1 and November 1, six, or 18.2 
percent may be attributed to bread from Bakery 4; five, or 15.1 percent, of 
the patients had been travelers and pleasure seekers ; three, or 9.1 percent, 
fall in the group of secondary infection ; for nineteen, or 57.6 percent, the only 
explanation is milk infection. 

Of the seven cases between July 21 and August 24, on the route, six were 
users of bread from Bakery 4, and they came down within the period 
beginning two weeks before and ending three weeks after the driver (Case 25) 
took to bed; the other case falls in the group of travelers and pleasure seekers. 
Therefore, it is not impossible that the route of Dairy 5 remained uninfected 
till September 1. However, there were other ways in which the milk may 
have been infected, and these must be considered. 

Either of two people may have infected the route. The first infection may 
have come from the sick employee at Bakery 4, Case 25, for he was in the 
habit of helping himself to milk by dipping it out of the cans in which it was 
daily left at the bakery. These cans were returned and were used again with- 
out sterilization. Case 40, wife of the proprietor of Dairy 5, may have infected 
the milk. She may have contracted the disease from goods from Bakery 4, 
which she regularly used, or from milk from Dairy 5 if it had been infected 
by Case 25, and, in ways unknown, she may have communicated her own infec- 
tion to the milk prior to her removal to a hospital. That, after her return 
on September 24, she did infect the milk seems to be a fact, for sixteen days 
thereafter typhoid fever again flared up on the route of Dairy 5, and before the 
route was shut down, on October 24, thirteen cases, or 44.8 percent of all the 
cases on the route in the interval from July 1 to October 24, were recorded. 

It was found that Dairy 5 did not knowingly take milk bottles from places 
where there was communicable disease, and that bottles of other dealers were 
never used. Nevertheless, this route may have been infected from infected 
milk bottles, either bottles collected from customers before the dairy had been 
warned that they had the disease, or much more likely their own bottles which 
were collected and used by Dairy 27, and which, before reaching Dairy 5 again, 
may have been infected in the homes of patients on the route of Dairy 27, or 
in the course of handling by the little girl, Case 49, or by the driver employed 
by Dairy 27. 

Dairy 31. — This dairy has a thoroughly equipped, modern, city milk plant, 
and does, by far, the largest milk business in Rockford. This company has 
apparatus for sterilizing cans and bottles, and all the milk is pasteurized by the 
"held" process. At first sight, it would seem unlikely that milk from a thor- 
oughly equipped plant could become infected, but, on the other hand, the efficiency 
of the machines depends on the faithfulness and intelligence with which they are 
operated. 

The run of cases on this route was similar to that on the route of Dairy 5, 
but began a month later. Between July 1 and November 1, there were thirty- 
three cases on the route. This means 0.5 percent of all the customers, which 
indicates that if the route was at all infected it was so but slightly. Of these 
cases, four, or 12.9 percent, fall into the Bakery 4 group ; seven or 22.5 per- 
cent, in the group of travelers and pleasure seekers ; four, or 12.9 percent, in 
the group of contact infection ; and sixteen, or 51.6 percent, may be explained 
only as milk infection. 
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The only mode of infection of the dairy seems to have been through the use 
of bottles from Dairy 5 and possibly from Dairy 27. That there was an inti- 
mate relation between these two routes is apparent from the synchronous rise 
and fall of cases on the two routes at the time of the recrudescence of typhoid 
on the route of Dairy 5 sixteen days after the return of Case 40 from the 
hospital, and at the time Dairy 5 was closed. 

Dairy 7. — It is believed that the cases on this route were not related to 
the foregoing dairy cases nor to bread from Bakery 4, for the reasons that 
the routes did not cross each other at many points and so did not afford cus- 
tomers the chance of infecting this route. Of the eight cases on this route, 
two, or 25 percent, fall in the group of travelers and pleasure seekers, and 
six, or 75 percent, may be best explained by milk infection. There is no reason 
to believe that Cases 13 and 31 (Diagram 8) were infected by this milk from 
this dairy, but the subsequent cases may have been caused by infected bottles 
from Case 31. Case 75 js interesting. The patient became a mother just one 
month before being attacked with typhoid, and the good care which she received 
at the time makes any other source of the disease than her food improbable. 
The only food which she had that was under suspicion was milk from Dairy 7. 
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Diagram 8. — Cases on route of Dairy 7. 
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Grouping of Cases with Reference to Drinking Water. — The care 
with which the water supply was safeguarded following the water- 
borne epidemic of 1912 has already been outlined. The only really 
vulnerable components of the system at the time of the outbreak were 
the various connections with the factory fire protection systems that 
take water from the contaminated Rock River. The danger here is 
reduced to a minimum by the use of double check valves, together with 
means for readily testing their condition, and, further, by systematic 
monthly inspection of all these connections. At one factory, on three 
different occasions, both check valves were found open, so that it must 
be admitted that they do not afford complete protection. Since these 
valves would be opened only in the event of being leaky, or of heavy 
flushing of the watermains, or of severe fires, the records of the 
inspector, A. C. Lyons, and those of the water works and of the fire 
department were carefully studied to see whether or not anything 
could be discovered to indicate that an opening of the valves actually 
did take place. Briefly, it was found that there was only one factory 
fire protection system that was so located that it could supply water to 
the district between the forks of Kent Creek, where most of the typhoid 
cases occurred, and, moreover, the records show that during 1913 this 
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particular system was never under fire pressure and was filled only 
with city water. There were no flushing operations of sufficient mag- 
nitude to open the double check valves. There remains only the ques- 
tion whether there were fires big enough to have caused sufficient draft 
of water to have opened the valves. 
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Diagram 9. 

Considering the incidence of cases, it is difficult to place the prob- 
able time when the water may have been infected, for this outbreak 
is wholly unlike a water epidemic. By comparing Diagram 4 with 
Diagram 9 it will be seen how, in 1913, the cases strung along, whereas 
in 1912, a typical water outbreak, one can determine almost to a day 
when the infection took place. To account for the typhoid outbreak 
in 1913 one must either assume three separate infections, in the middle 
of July, in August, and in September, or else assume an infection in 
the middle of July and prosodemic infection thereafter. As there was 
not a conflagration at any of the times indicated, this explanation fails. 

An approach from another angle also leads to the conclusion that 
the water was not a factor in the typhoid fever situation. Of the one 
hundred and sixty-five cases investigated, one hundred and six, or 
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64 percent, used city water only; thirty, or 18 percent, used well water 
only, and 12 percent used both city and well water, leaving ten cases, 
or 6 percent, in which the drinking water is unknown. That so large 
a proportion of the sick did not use city water casts doubt on the sup- 
position that water was the source of infection, and in any event 
eliminates it as the sole cause of infection. The case against the city 
water appears still weaker when it is known that twenty of the cases 
reported as using only city water fall in the group of travelers and 
pleasure seekers. This leaves seventy to eighty cases scattered through- 
out the city that may or may not have been due to water infection. Of 
these, all but about a score of cases on the east side can be explained on 
the basis of bread and milk infections. Were the facts as to these 
twenty cases more complete, different explanations of how they were 
contracted might perhaps be given, but, as it is, these twenty cases can 
be regarded only as having arisen from a variety of insanitary con- 
ditions forming part of the environment. 

Private wells were, in no specific instance, suspected of spreading 
typhoid, but it is felt that some of the obscure cases may have had 
such an origin. 

CONCLUSIONS 

The outbreak did not originate in a single source of infection but 
was derived from several sources, giving rise to several distinct groups 
of cases that remained isolated or that fused and produced complicated 
inter-relations. 

The largest group comprised ninety-five cases, all of which were 
pretty certainly traced to an employee of Bakery 4. Through him, a 
number of people were infected by contaminated bread, or pastry, or 
both, and through one or more of these people, in turn, Dairies 5, 27, 
and 31 were involved. Infected milk bottles were the principal means 
of spreading the disease, tho other more or less obscure agents were 
operative. 

The public water supply was not responsible for the 1912 outbreak. 

One small group of cases resulted from a social gathering under 
conditions that suggested a carrier. 

There was a marked number of cases amongst vacationists and 
others who fished, boated, and bathed in neighboring, polluted streams. 

There were some cases of obscure origin that may be attributed to 
shallow wells, privies, fly infection, and various insanitary conditions. 

Secondary cases were rare. 



